Three actinomycete strains originating from the surface-sterilized roots of Paris polyphylla were characterized by using a polyphasic approach. Phylogenetic analyses based on the 16S rRNA gene sequence showed that they formed a deep, monophyletic branch in the genus Glycomyces, and were most closely related to the type strains of the species Glycomyces harbinensis and Glycomyces scopariae. The genus Glycomyces was defined by Labeda et al.
Strain CPCC 204357
T was isolated from the surfacesterilized root of Paris polyphylla Sm. var. yunnanensis (Franch), while strains CPCC 204354 and CPCC 204355 were isolated from the surface-sterilized root of Paris polyphylla Sm. var. chinesensis (Franch). Paris polyphylla are used extensively in traditional Chinese and Indian medicine, mainly for its anticancerous property [16] . The plants were collected from Xishuangbanna in Yunnan province (China). The plant roots were surface-sterilized using the method of Coombs and Franco [17] , as modified by Gu et al. [18] . Strains CPCC 204357 T , CPCC 204354 and CPCC 204355 were isolated on isolation medium plates containing 2 g starch, 0.5 g K 2 HPO 4 , 0.5 g MgSO 4 , 1 g KNO 3 , 0.4 g NaCl, 0.01 g FeSO 4 Á7H 2 O and 15 g agar per litre (pH 7.2). The purified isolates were cultured on Gauze's synthetic medium No. 1 (20 g soluble starch, 1 g KNO 3 , 0.5 g NaCl, 0.5 g MgSO 4 Á7H 2 O, 0.5 g K 2 HPO 4 , 0.01 g FeSO 4 Á7H 2 O, 15 g agar per litre; https://www.dsmz.de) at 28 C for 7 days, and the stock cultures were maintained at À80 C by adding 20 % (v/v) glycerol.
Cultural and morphological characteristics were recorded after growth for 7-30 days at 28 C on Gauze's synthetic medium No. 1, Czapek-Dox agar (30 g sucrose, 3 g NaNO 3 , 0.5 g MgSO 4 Á7H 2 O, 0.5 g KCl, 0.01 g FeSO 4 Á7H 2 O, 1 g K 2 HPO 4 , 13 g agar per litre; https://www.dsmz.de) and International Streptomyces Project media ISP 2, ISP 3, ISP 4 and ISP 5 (BD). The morphology of hyphae and spores were examined using the cover slip technique [19] and then observed microscopically (SU8010, Hitachi; scanning electron microscopy mode) after incubation on Gauze's synthetic medium No. 1 at 28 C for 21 days. Growth temperatures were determined by incubating the organisms at 0, 4, 10, 15, 20, 25, 28-37 (at intervals of 1.0 C), 40 and 45 C for 28 days using Gauze's synthetic medium No. 1 and ISP 2 media adjusted to pH 7.2. The pH range for growth was tested with Gauze's synthetic medium No. 1 without agar at pH 4.0-11.0 (at intervals of 0.5 pH units) at 28 C for 21 days, using the buffer system described by Xu et al. [20] . Tolerance to NaCl was examined on Gauze's synthetic medium No. 1 with different NaCl concentrations (0-10 %, w/v, at intervals of 0.5 %) at 28 C for 28 days. Carbon source utilization tests and qualitative enzyme tests were determined with Biolog GEN III (MicroPlate) and API ZYM test kits (bioM erieux) according to the manufacturers' instructions at 28 C for 7-14 days. The abilities of the strains to hydrolyse L-tyrosine, starch, to produce H 2 S, indole, and the methyl-red and Voges-Proskauer reactions were tested as described by Williams et al. [21] . Catalase and oxidase activities were determined following the procedure described by Zhang et al. [22] . Other physiological tests (e.g. gelatin hydrolysis, milk coagulation and peptonization) were determined according to previously described procedures by Yuan et al. [23] .
Strains CPCC 204357
T , CPCC 204354 and CPCC 204355 grew well on Gauze's synthetic medium No. 1, Czapek-Dox agar, ISP 2 and ISP 4 media. There was white to yellowishwhite, waxy, plicate growth on these media. No soluble pigments were produced. Vegetative mycelia were branched, and chains of square-ended conidia were produced on aerial hyphae (Fig. 1) . Growth was observed at [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] C, pH 6.0-8.0 and the NaCl tolerance range was 0-4 % (w/v). The optimum growth was at [28] [29] [30] C, pH 6.0 and 0-1 % (w/v) NaCl. Strains CPCC 204357 T , CPCC 204354, CPCC 204355 and the members in the genus Glycomyces had the following morphological and physiological characteristics in common: they produce chains of spores and are aerobic, Gram-stainpositive and catalase-positive. The different physiological and biochemical characteristics could be used to differentiate strains CPCC 204357 T , CPCC 204354 and CPCC 204355 from the type strains of their closest-related species of G. harbinensis and G. scopariae ( Table 1) .
Extraction of genomic DNA and PCR amplification of the 16S rRNA gene were performed with methods described by Li et al. [24] . Purified PCR products were sequenced with an ABI PRISM automatic sequencer (model 3730XL). The obtained sequences were compared with available 16S rRNA gene sequences from GenBank using the BLAST program to determine the approximate phylogenetic affiliation. The 16S rRNA gene sequences were aligned with available nucleotide sequences of all members of the genus Glycomyces by using the CLUSTAL_W program [25] . The phylogenetic trees were inferred using the neighbour-joining [26] , maximum-likelihood [27] and maximum-parsimony [28] methods. The evolutionary distances were computed using the maximum composite likelihood method [29] and are in units of the number of base substitutions per site. Evolutionary analyses were conducted in MEGA7 [30] . The G+C content of the genomic DNA was determined using the thermal 
Acid produced from:
Enzyme activity: 
.). Whole-cell sugars and

Glycomyces algeriensis NRRL B-16327 T (AY462044)
Glycomyces rutgersensis IMSNU 22074 T (AJ293748)
Glycomyces lechevalierae NRRL B-16149 T (AY462041) 'Glycomyces tritici ' NEAU-C2 (MG279143)
Glycomyces endophyticus YIM 56134 T (EU200681)
Glycomyces rhizosphaerae NEAU-C11 T (KY744945)
Glycomyces harbinensis IFO 14487 T (D85483)
Glycomyces paridis CPCC 204355 (MG589942)
Glycomyces paridis CPCC 204357 T (MG589943)
Glycomyces paridis CPCC 204354 (MG589941)
Glycomyces sambucus E71 T (DQ460469)
Glycomyces scopariae DSM 44968 T (EU200682)
Glycomyces mayteni YIM 61331 T (EU814511)
Glycomyces artemisiae IXS4 T (JN408755)
Glycomyces tarimensis TRM 45387 T (KC112995)
Glycomyces phytohabitans KLBMP 1483 T (JQ819256)
Glycomyces tenuis DSM 44171 T (ATYW01000042)
Glycomyces arizonensis DSM 44726 T (AXWO01000049)
Glycomyces halotolerans TRM 40137 T (HQ651156) 'Glycomyces xinjiangensis' XHU 5301 (KY368645)
Glycomyces fuscus TRM 49117 T (AB857717)
Glycomyces albus TRM 49136 T (AB857718)
Glycomyces lacisalsi XHU 5089 T (KT895607) diamino acids patterns were determined by thin-layer chromatography (TLC) as described by Staneck and Roberts [35] . Polar lipids were extracted and identified by twodimensional TLC by using the method of Embley et al. [36] . Menaquinones were extracted, purified by the method of Collins et al. [37] and then analysed and confirmed by highperformance liquid chromatography and a single quadrupole mass spectrometer LCMS-2020 (Shimadzu) as described by Guo et al. [38] . Fatty acids were purified, identified and quantified by gas chromatography using the Sherlock Microbial Identification System (MIDI). MIDI Sherlock version 6.0 and the ACTIN1 database were employed for this analysis [39] .
Strain CPCC 204357
T possessed chemotaxonomic characteristics that were consistent with its closest-related members of the genus Glycomyces: contains meso-diaminopimelic acid as the diamino acid, galactose, glucose, ribose and xylose as whole-cell sugars, diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), an unidentified phospholipid (UPL) and an unidentified lipid (UL) as the polar lipids (Fig. S3 ), MK-10 (H 4 ) as the predominant menaquinone and iso-C 15 : 0 , anteiso-C 15 : 0 , iso-C 16 : 0 , and anteiso-C 17 : 0 as the major fatty acids (details in Table S1 ). These characters supported the strain's assignment to the genus Glycomyces.
Although taxonomic data showed that CPCC 204357
T had many common characters of genus Glycomyces, the differences in phenotypic and genotypic characteristics (e.g. utilization of sole carbon, acid production from carbohydrates, enzyme activity and fatty acid composition as well as the DNA-DNA relatedness) could be used to distinguish CPCC 204357
T from the closest related species Glycomyces harbinensis and Glycomyces scopariae (Tables 1 and S1 ). The genotypic and phenotypic data presented above suggest that strain CPCC 204357
T represents a novel species of the genus Glycomyces, for which the name Glycomyces paridis sp. nov. is proposed.
DESCRIPTION OF GLYCOMYCES PARIDIS SP. NOV.
Glycomyces paridis (pa¢ri.dis. L. gen. n. paridis of Paris, relating to the medicinal herbal plant Paris polyphylla).
Aerobic actinomycete that forms yellowish-white substrate mycelium and white aerial mycelium that fragments into square-ended conidia on Gauze's synthetic medium No. 
